Chick embryos of two test-crosses, involving three inbred lines, 7-2, E and Reaseheath C, of Houghton Poultry Research Station, were challenged (on to the chorioallantoic membranes) with RSV(RAV 2) of subgroup B and RSV(RAV o) of subgroup E. Genetic analysis for B-and E-susceptibility indicated that the average E-susceptibility in the chicken line E carrying the e ~ gene can be increased or decreased by addition or subtraction, respectively, of the b 8 gene. The results of this study are a better fit to a two-gene model with complementary gene action than to a single gene model of multiple allelism of the tvb-locus with pleiotropic gene action.
Short communications epistasis). Hence the chick cells of brbreSe ~ genotype are resistant to subgroup E virus. (2)
The E-receptor molecule on the cell membrane surface is coded for by the joint action of the b * and e ~ genes (complementary gene action). Hence the chick cells carrying these two genes are susceptible and those lacking either or both are resistant to subgroup E virus.
Thus, we proposed a two-gene model as opposed to the single-gene model proposed by Crittenden and his associates (Crittenden et al. 1973; Crittenden & Motta, I975) . Because of the conflicting views about the existence of the tve locus and its role in the B-E association, we have continued our studies further, using two critical test-cross rantings. The results reported in this present study are compatible mostly with the proposed two-gene model, but are inconsistent with the single-gene model of multiple allelism at the tvb locus.
Two inbred chickens lines, E and 7-2, from Houghton Poultry Research Station (HPRS) were used, the details of which were reported elsewhere (Pani, I976b ) . Line E, which carried the e ~ gene in a high frequency and which lacks the I t gene, was synthesized from a cross between the two highly inbred Reaseheath lines, I and C, each of bsb ~ genotype. All embryos of line E are susceptible to subgroup B virus, and approx. 8o ~ of them are susceptible to subgroup E virus (Pani, I976b ) . Line 7-2 lacks the I e gene, but carries the brbre"e ~ genotype and therefore all embryos of this line are resistant to viruses of both subgroups B and E (Pani, I976b) .
The F1 dams (7-2 x E) were progeny tested with males of line 7-2 for susceptibility to viruses of the two subgroups B and E. On the basis of segregation of the two phenotypes, C/O (susceptible to viruses of B and E subgroups) and C/BE (resistant to viruses of B and E subgroups) within each dam family, which was reported in another study (Pani, t976b) , four dams, 5, I6, 18 and 27, ofb~b~e~e ~ genotype were allowed to produce the first generation back-cross progeny population. Twenty two females of this population were test-crossed with males of line 7-2 and Reaseheath C line, alternatively. All matings were made by artificial insemination of females with pooled semen of at least 4 to 6 males of each line, and eggs were pedigreed to dams and male line.
The embryo population of test-cross I (TCI), 7-2 ~ × (7-2 × 7-2 × E)~, was challenged with RSV(RAV 2) of subgroup B and RSV(RAV o) of subgroup E, alternatively, and that of test-cross 2 (TC2), C5'~ × (7-2 × 7-2 × E)~, with RSV(RAV o). The chorioallantoic membranes (CAM) of I i-day-old embryos of each test-cross were inoculated with virus at an appropriate dilution in phosphate-buffered saline containing 5 ~ calf serum. Each embryo received a dose of o.I ml of virus containing at least IOO pock forming units, and pocks were counted after 8 days of incubation. Control embryos of HPRS-Brown (C]E) -resistant to subgroup E virus, but susceptible to subgroup B virus -and of line E (C/O) were used to check the potency of the two viruses.
Embryos that produced fewer than 14 pocks on CAMs in response to RSV(RAV o) were assumed to be resistant and those that produced more than I4 pocks to be susceptible to this virus. Similarly, embryos which produced fewer than 5 pocks in response to RSV(RAV 2) were considered to be resistant and those which produced more than 5 pocks to be susceptible. The recognition of resistant and susceptible phenotypes was based on the bimodality of log~0 transformed pock counts, as described in previous papers (Payne et al. 1971; Dren & Pani, 1977) .
The 7-2× 7-2× E dams (Ist generation back-cross) were a heterogeneous population comprising four possible genotypes, namely b'b*e~e ~, b*b"ere ~, b~b*e~e ~ and b~b~e*e ~. On the other hand, the 7-2 and C line males were each a homogeneous population of b*bre*e ~ and b~b~e*e ~ genotypes, respectively, differing at the tvb locus only.
For the TCI and TC2 zygotic (embryo) populations, the female line, irrespective of the Thus the TCr and TC2 populations differed, on average, by a single dose of the b ~ gene under the assumption that the female line contributed equal numbers of the tvb and rye genes to either population (we assume here the absence of differential reproduction of dams due to any cause other than random variation caused by sampling).
Conceivably therefore, the two populations should not differ in the mean proportion of E-susceptibility because the embryo population in either test-cross carried an equal number of the e s genes contributed by the 7-2 × 7-2 × E dams. On the other hand, a significant difference between the two mean proportions of E-susceptibility should provide evidence in support of a relationship between the tvb genes and the E-susceptibility, attributable to the additional b ~ gene contributed by the TC2 males (we assume here that E-susceptibility is neither controlled nor modified by the non-tumour virus genes in the cell genome).
The patterns of the segregation of B-and E-phenotypes within each dam family of the TCI and TC2 populations are presented in Table I . It is seen that in TCI the dams were variable in respect of the proportions of B-and E-susceptibility, as expected, because of the heterogeneous genotypes they carried. Also, in TC2 the proportions of E-susceptibility varied between dams, but compared with TCI there was an overall increase in average E-susceptibility. All TCz embryos (of b~b s and b~b ~ genotypes) were susceptible to subgroup B virus, as expected, and therefore data were not shown in Table I .
The X 2 analysis (Mather, I949), using a 2 x 2 contingency table (E-susceptible and Eresistant phenotype v. TCI and TCz males), indicates that the segregation of E-phenotypes was contingent on the TCI and TC2 males (X 2 value = I0.02; P < o.oI). The average E-susceptibility in TCz was approximately twice that in TCI. Hence it seems that the b e gene contributed by the C line males had a significant effect in increasing the proportion of E-susceptibility in the TC2 population. It is well known that the b ~ gene codes for Bsusceptibility, but, alone, cannot code for E-susceptibility unless the pleiotropic function of the b s gene and/or the existence of multiple alleles at the tvb locus, as proposed by Crittenden and his associates, are assumed to be at least two possible causes for the increased proportion of E-susceptibility in the TC2 population.
If it is assumed that the b ~ gene has a pleiotropic function in that it collaborates with the e ~ gene to code for the E-receptor on the cell membrane, the genotypes carrying the b e and e ~ genes should be susceptible, and those that lack either the b ~ or e ~ or both genes should be resistant, to subgroup E virus. Under this hypothesis of the two-gene model, the b~b~e~e ~" genotype in the TCI and the b~b~e~e ~" and b~b~e~e ~ genotypes in the TC2 population were expected to be susceptible to subgroup E virus. Because the 7-2 and C line males lacked the e ~ gene and because the dams in each test-cross were expected to contribute, on average, equal numbers of the e ~ gene, the mean proportion of E-susceptibility in TC2 should be greater than that in TCI.
Our results presented in Table t are fully consistent with this hypothesis in that the mean proportion of E-susceptibility in TC2 was approximately twice that in TCI because in TC2 the frequency of genotypes that were susceptible to subgroup E virus was twice that in TCL Furthermore, on the basis of the e s gene frequency in the TC2 dam population and On: Thu, 06 Dec 2018 06:32:56 Table I ), supporting the complementary action of the b ~ and e ~ genes in the control of E-susceptibility. The proportion of E-susceptibility (o'o9) in TCI was significantly less than that in TC2, as expected, because embryos of b~bre¥ r genotype of TCI were resistant to subgroup E virus according to the two-gene model. The observed proportion of E-susceptibility in TCI, however, agreed very well with the expected proportion of o'o625 calculated on the basis of the frequency of the e ~ gene in the TCr dams and the possible complementation of the b s and e ~ genes in the appropriate genotype (X ~ value = 2"I3, P > o'o5, Table I ). We conclude, therefore, that the proportion of E-susceptibility in a population carrying the e ~ gene can be either increased by addition of the b ' gene, as shown in TC2, or decreased by subtraction of this gene, as shown in TCI, which clearly supports the two-gene model in the control of E-susceptibility.
The alternative hypothesis that some B-susceptibility alleles at the tvb locus code for E-susceptibility, and thus affect the results of TCr and TC2, was tested. The hypothesis proposed by Crittenden and his associates (Crittenden & Motta, I975) assumes 4 alleles at the tvb locus of which the b ~2 allele codes for both B-and E-susceptibility, the b" allele codes for both B-and E-resistance, and the b ~3 allele codes for B-susceptibility and Eresistance. The b sl allele which also codes for both B-and E-susceptibility is identical to b s2 allele but differs in other respects which are not relevant to our study. Thus the multiple tvb-allele hypothesis does not involve a second tve locus, assuming two of the four alleles, i.e. b '2 and b ~z, to be functionally identical to the e s and e" alleles, respectively, of our proposed tve locus in the control of E-susceptibility.
According to this hypothesis the 7-2 and C line males should be of brb ~" and bsZb ~3 genotypes, respectively, but the first generation back-cross dams (7-2 × 7-2 × E) should consist of two possible genotypes, bs2b ~ and b~b ~, because the (7-2 × E)F1 dams were of b~2b r genotype.
Hence, on a population basis, the mean proportion of E-susceptibility in either TCI or TC2 was expected to be o'25. It can be seen in Table I that the results of TC~ did not conform with the expectation, but those of TC2 did. The disagreement of the TCI results with the hypothesis can be explained, as follows: (I) It is possible that the discrepancy between the TC~ and TC2 results could arise due to sampling variation, and that therefore the b ~2 allele codes for the E-susceptibility, as supported by the TC2 results. (2) It is also possible that the TCI and TC2 results could be expected to vary significantly because of some other genetic factors that control E-susceptibility.
In order to provide more evidence in support of the first possibility, the segregation of E-response phenotypes within the TC2 dam families was analysed. Because it is assumed that b 82 codes for the E-susceptibility, it can be argued that, on the basis of the E-virus assay, the tvb-genotypes of the dams can be predicted. Also, the tvb-genotypes of the dams can be recognized on the basis of the B-virus assay. Therefore, the consistency in the prediction of the tvb-genotypes of the dams, using the two independent assay methods, and the segregation of B-and E-response phenotypes, each agreeing with the expected segregation on a population basis, should provide a test for the multiple tvb-allele hypothesis.
It can be seen in Table I that, on average, 6"9 embryos per dam family were tested for B-response, and nearly 9o ~ of the dams had at least 4 embryos, sufficient for the tvb-genotyping. Since we need at least 4"3 embryos per family to typify the heterozygous b~2b ~ genotypes of a dam with 95 ~ confidence, it was possible to discriminate between b~b ~ and b"b ~ genotypes on the basis of the segregation of B-susceptible phenotype within families. Dams which had 4 or more embryos, of which at least one was B-susceptible were allocated the b~2b ~ genotype, and those that had all B-resistant embryos were regarded as the b~b ~ genotype. On this basis, In dams were assigned the b~2b ~" genotype and In dams, the b~b ~ genotype (Table I ). This division of the dam population into two classes agreed well ,~ith the expected ratio of I : I, which supports the single gene model established for the B-susceptibility. (Dams 153 and I66 could not be genotyped because fewer than 4 embryos were assayed for subgroup B virus.)
Similarly, because an average of 6"7 embryos in TCI and I o-8 embryos in TC2 per family were assayed for subgroup E virus, the allocation of tvb genotypes to dams was possible with 99 ~ confidence. Accordingly, the dams, on the basis of the segregation of at least one E-susceptible embryo of the four in the family, were assumed to be of bs2b ~ genotype and those that had all E-resistant embryos were regarded as b~b ~ genotype. Thus, 6 dams in TCI and In dams in TC2 were genotyped as b~2b ~ (Table I) .
It is seen that although the number of b~2b ~ dams in TC2 based on the E-virus assay agreed well with that in TCI based on the B-virus assay, the tvb-genotypes of three dams, I56, I57 and I64, were discordant. The dams, 156 and I57, assumed to be ofb~b ~ genotype in TCI were regarded as b~b ~ genotype in TC2. Contrarily dam ~64 assumed to be of b~2b " genotype in TCI was assigned the b"b r genotype in TC2. This discrepancy in the tvbgenotyping therefore contradicts the view that the b ~ allele codes for E-susceptibility.
Thus the two reasons for rejecting the multiple tvb-allele hypothesis (single gene model) are: (I) there was a significant difference between the proportions of E-susceptible phenotype in TCI and TC2 populations; (2) the tvb-genotyping based on B-virus and E-virus assays were discordant in three dam-parents, namely I56, I57 and I64.
Although the two reasons are equally strong to discriminate the one-gene model from the two-gene model proposed in this present study, the occurrence of E-susceptible phenotype in TCI dams, I56 and I57, ofb~b~e~e ~ genotype raises the question of whether the twogene model is adequate for the control of E-susceptibility in chickens.
However, to compare the two genetic models for the control of E-susceptible phenotype, the segregation of TCI and TC2 embryo populations in response to E-virus presented in Table I can be examined. Dams I46, I5o, I5~, I52, I58, I6o, 16i and I63 are heterozygous for the tvb genes, i.e. of bs~b ~ genotype on the single gene model basis, and they are also double heterozygous for the tvb and tve genes, i.e. of b~b*e~e ~ genotype on the basis of the two-gene model proposed in this study (Table I ). The segregation of eight E-susceptible and 44 E-resistant phenotypes in these dam families agreed well with the I : 3 ratio expected from the two-gene model (X ~ = 2.56, P > o'o5), but disagreed with the expected I : 1 ratio based on the one-gene model (X2=24.92; P < o.oo~). In TC2, the progeny of these 8 dams were expected to segregate in the ratio of I : I under the assumption of either genetic model, and therefore the two models cannot be differentiated. However, in all these dam families except dams 15o and I52, the segregation of E-susceptible and E-resistant phenotypes did occur in the expected ratio of I : 1 (Table 1 ). It is difficult to explain why an excess of E-resistant phenotype occurred in these two dam families. Possibly the genetic mechanism assumed under the two-gene model is not adeqate to explain the occurrence of an excess of E-resistant phenotype in the TC2 population. Nevertheless, some modifying genes interfering in the interaction of b ~ and e ~ genes in coding for the E-receptor cannot be ruled out.
In TCI, the E-susceptible phenotype occurred in dams 156 and I57 of the putative genotype b~b~e*e ~ (Table I) . This was not expected and is difficult to explain under the assumption of either genetic model. One possible explanation, however, is that the two darns could have been wrongly genotyped at the tvb locus or that on a rare occasion the e 8 could code for the E-receptor.
Very recently, Linial (I976) reported that although under certain conditions the C/BE cells can be infected with subgroup B virus, they cannot, under the same conditions, be infected with subgroup E virus. This led her to postulate that the B-and E-receptor molecules could be coded for by two independent genes. Our results of an earlier study (Pani, I976b) and those of this present study support the view of the independent existence of tvb and tve genes.
In mammalian and plant genetics the concept of complementary gene action in the control of inherited traits is well recognized. In rodents, for example, coat colour is under the complementary action of two pairs of autosomal genes (Sinnot, Dunn & Dobzhansky, I95O) . The occurrence of coloured chicks from a cross between two pure bred white breeds of fowl has been explained under the complementary action of two pairs of autosomal genes (Sinnot et al. 195o) . It is possible that at a biochemical level the b e and e ~ genes could complement each other in coding for the E-receptor protein molecule. Hence the cells carrying these two genes are capable of coding for the E-receptor for the attachment of the E-virus. On the other hand, the cells lacking either or both genes are incapable, and therefore exclude the virus. The fact that pre-infection of cells with subgroup B virus interferes with the subgroup E susceptibility, but that no reciprocal interference occurs (Hanafiasa, Hanafusa & Miyamoto, 197o) , suggests the pleiotropic role of the b s gene in the control of E-receptor molecule, as postulated by a two-gene model with complementary gene actilon.
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